This study was carried out between May 2011 and February 2012 in order to determine the effect of environmental parameters on physical and chemical quality of water, fish condition as well as fish quality in Lake Edku. Fish condition; lengthweight relation, condition factor and hepatosomatic index of three cichlid species (O. niloticus, O. aureus and T. zillii) were studied. Also, fish quality as heavy metals accumulation and proximate body composition for muscle tissue of these species were estimated. Physico-chemical parameters were in normal ranges for fish culture and revealed that the lake water showed differences among different seasons. Concentrations of metals in fish muscles have been changed seasonally with higher values recorded during autumn and winter. However, these concentrations are still in the safety permissible levels for human consumption. The best condition and proximate body composition of fish were recorded in spring and winter seasons. According to the results of this study, the most important environmental parameters affecting water characteristics, fish condition and quality in Lake Edku were water temperature, nutrients and drainage water discharged into the lake.
INTRODUCTION
The environmental conditions in water bodies are constantly changed by various natural and human induced factors. The features of the physico-geographical environment of the catchment area, as well as the morphometric parameters of the water body and its hydrological regime, accelerate or block the supply of organic matter to the lakes, which affects its trophic level, water pH and hardness, its electrolytic conductivity and colouring, light and oxygen availability, and consequently algae and plant species diversity (Chobot and Banaś, 2008) .
Physical factors such as climate (i.e. temperature, wind, precipitation, and solar radiation) are also important determinants of water quality in lakes and all critically affect the lake's hydrologic and chemical characteristics, and indirectly affect the composition of the biological community (Najafpour et al., 2008) . Also, water quality may be affected by the source of the water, rate of flow, nutrients and algae. Other factors like sewage and agricultural runoffs, various hazardous chemicals and natural contaminants (animal feces) reach the natural sources of water and also pollute the ground water by seeping (Hamill and Verburg, 2010) .
Tilapia species are an increasingly important group of cultured fish for several reasons e.g. rapid growth, high tolerance to low water quality, efficiency food conversion, resistance to disease and good consumer acceptance. Water pollution is the most important factor affecting quality and quantity of fish production either in natural habitats or culture ponds. Heavy metals in water considered as the most dangerous source of water pollution (El-Wakil et al., 2008) . The accumulation and toxicity of metals in aquatic organisms were affected by the environmental conditions (Mason, 2002; Ibrahim et al., 2008) .
Chemical body composition of fish could illustrate its physiological condition and health (Saliu et al., 2007) . Both condition and quality of fish in lakes are affected by the environmental conditions and other biotic and abiotic variables, such as hydrologic level, food availability and water temperature (Wassef and Shehata, 1991; Touhata et al., 1998) .
Many studies were conducted on the hydrology, chemical and biological characteristics of Lake Edku (Soliman 1983; Gharib and Soliman, 1998; Siam and Ghobrial, 2000; Okbah and El-Gohary, 2002; Shakweer, 2006; Badr & Hussein, 2010) . However these studies did not investigate whether prevailing conditions (e.g. seasonal variations and physico-chemical characteristics of water) were suitable for well being and quality of fish.
Therefore, the aim of this study was to evaluate the physical and chemical characteristics of Lake Edku water, fish condition (e.g. growth coefficient, condition factor and hepatosomatic index) and quality (metals load and proximate composition) in three major cichlid species and how they fluctuate in relation to different environmental factors as climate (different seasons) and drainage water discharged into the lake.
MATERIALS AND METHODS

1-Area of the study
Lake Edku is one of the northern Delta lakes of Egypt and was once considered to be among the most productive lakes of Egypt. It is shallow, brackish and subject to huge inputs of terrigenous and anthropogenic nutrients from drains discharge, sewage and agricultural runoff. The lake is situated west of Rosetta Nile branch (about 30 km E of Alexandria) between longitudes 30º 30` and 30º 23` E and Latitudes 31º 10` and 31º 18` N ( The lake receives its water supply from two main drains; El-Khairy and Barsik drains. The water sources of El-Khairy Drain are from three drainage waters coming from El-Bousely, Edku and Damanhour sub-drains, transporting domestic, agricultural and industrial wastes as well as the drainage water of more than 300 fish farms. Barsik Drain transports mainly agricultural drainage water to the lake. The lake also receives seawater at its north western part through Boughaz El-Maadia from Abu-Kir Bay. Large areas of the originally 150 km 2 have disappeared due to land reclamation. The southern part of the lake is characterized by an excessive growth of hydrophytes, such as Phragmites communis and Typha australis (Badr and Hussein, 2010) . Nowadays, tilapia and catfish species contribute to more than 80% of the catch of Lake Edku (GAFRD, 2012) . It seems that these fish species have been acclimatized to the prevailing conditions and being able to survive in it forming the main fish population in the lake.
2-Sampling and sites:
Water and fish samples were collected seasonally from May 2011 to February 2012. Two months/season were selected to represent the whole season. Surface water samples were collected from different stations representing the different ecological areas of Lake Edku (Fig. 1) ) were determined according to Boyd and Tucker (1992) . x 100 where "W", is the total gutted weight in grams, "L" is the total length in cm, "b" is the growth coefficient and "a" is a constant. The hepatosomatic index was also calculated as HSI = (W L /W t ) x100, where W L is the liver weight and W t the total gutted weight. These growth parameters were estimated according to Schreck and Moyle (1990) . Heavy metals (Fe, Zn, Cu, Mn, Cd and Pb) in different muscle tissue of fish as well as moisture, crude protein (TN×constant 6.25), total lipid and ash content were determined according to AOAC (2005) . Carbohydrate content was calculated by subtracting the sum of protein, fat, water and mineral from the total weight of the food. Atomic Absorption Spectrophotometer (Model Thermo Electron Corporation, S. Series AA Spectrometer, UK) was used for metals detection and the results were expressed as µg/g. dry wt.
Statistical comparisons:
One-way ANOVA and Duncan multiple range test were used to evaluate the significant difference of the concentration of different items with respect to seasons. Significant differences are stated at P<0.05. Correlation coefficients between the different parameters were computed. Data were statistically analysed according to Bailey (1981) .
RESULTS AND DISCUSSION
Physical characteristics of water:
Effects of seasonal variability on physical properties of Lake Edku water are shown in Table 1 . Water temperature values in the different stations of the lake were closely followed air temperature with the lowest value of 16.71 °C during winter and the highest one (28.02 °C) during summer. This range of temperature is suitable for survival and reproduction of warmwater fish. The pH lies in the alkaline side indicating well-buffered conditions. It showed remarkable difference at different stations of the lake with values ranged between 8.17 during winter and 8.45 during summer season. Variations in pH values coincided mainly with differences in photosynthetic activities and drainage water. There is a seasonal trend in the pH values; the highest values were recorded in spring and summer during the outbreak of chlorophyll "a" biomass and aquatic plants. The lowest pH values appeared in winter where the lake subjected to the increase of sewage wastewater. The desirable pH range for most fish species is 6-9 (Barker et al., 2009 ). The Secchi disc readings measure the lake water transparency and assess the water clarity, particularly the density of algae and suspended sediments. The Secchi depth of Lake Edku was high and ranged from 18.33 cm to 32.25 cm with annual average value of 26.19 cm. The decrease in the transparency of water is mainly due to inflow of drainage water loaded with suspended particles (silt and clay). The Secchi depth in the lake remained high over the study period due to the high proportion of higher plants in the water. Reduced turbulence leads to the reduction of the resuspension of bottom sediments and resulted in less turbidity in water column. Phytoplankton biomass can also contribute to low Secchi depth in spring and high visibility readings in summer, autumn and winter.
Chemical characteristics of water:
Chemical characteristics of water are illustrated in Table 2 . The annual average of chlorosity for the entire lake reached 1.22 gl observed in autumn. This variation in water chlorosity could attributed to the effect of Abu Qir Bay water inflowing into the lake through the lake-sea connection as well as drainage water come from drains. It is interesting to note that chlorosity values of Lake Edku in this study were near those recorded by Okbah and El-Gohary (2002) . This is related to the stable conditions in drains and the amount of drainage water entering the lake.
Distribution of Dissolved Oxygen (DO) was influenced by external and internal events and showed a considerable wide range of variations in the lake. The minimum recorded concentration was 5.12 mg l -1 in summer. This may be due to several factors as the rise in temperature, increased biological activity, respiration of organisms and the increased rate of decomposition of organic matter (Okbah and El-Gohary, 2002) . The highest value (9.42 mg l -1 ) was observed in spring and autumn (8.92 mg/l). This may be as a result of stirring up of water by wind in these seasons as well as low temperature. In general, warmwater species such as tilapia need a dissolved oxygen concentration of 5-15 mg l -1 DO or greater to maintain good health and feed conversion (Boyd, 1998) . So, the lake water appears to be well oxygenated and no sign of oxygen depletion was observed in Lake Edku. There was a noticeable seasonal variation in total ammonia levels; the lowest ammonia content was recorded in summer and autumn. This is probably due to the utilization of NH 4 -N by phytoplankton and hydrophytes. On the other hand, the increase of total ammonia in winter may be due to the degradation of aquatic plants and phytoplankton and increase of sewage wastewater in relation to agriculture drainage water in this season.
The nitrite content followed the same trend as NH 4 -N, where it recorded the highest value in winter (0.15 mg l for NO 2 -N in fish culture (Boyd, 1998) .
The higher values of NO 3 -N were recorded in spring and this could be due to the large amounts of drainage water enter the lake in this season. On the other hand, the lower values during summer are mostly due to its assimilation by phytoplankton and aquatic plants. The mean values of NO 3 -N in this study were higher than those recorded by Shakweer (2006) . The desirable range of nitrate is ranged from 0.2-10 mg l -1 according to Boyd (1998) . The present study indicated that total ammonia (sum of NH 4 + -N+NH 3 -N) was the most dominant constituent of the dissolved inorganic nitrogen compounds in the lake. This may be attributed to the high amounts of organic matter degradation especially at stations near drains, where aquatic plants flourish intensively as well as the effect of sewage wastewater.
The highest values of dissolved phosphate were determined in spring and autumn seasons. The higher concentrations of dissolved phosphate are mostly due to the effect of drainage water enriched with phosphorous compounds. In contrast, this parameter reveals a significant decrease during summer and winter seasons on the basis of the increasing uptake by phytoplankton and decreasing drainage water, respectively. The concentration of all nutrients in this study was higher than those recorded in the same lake by Okbah and El-Gohary (2002) and Shakweer (2006) .
The seasonal distribution of total alkalinity (sum of bicarbonate and carbonate) for the entire lake during the period of investigation showed a general decrease in summer (213.44 mg l -1 ). On the other hand, a significant increase was recorded in the autumn (267.12 mg l -1 ). The annual average value of total alkalinity was 232.51 mg l -1 . The highest values of total alkalinity in Lake Edku during autumn may be attributed to the higher CO 2 content produced as a result of increase bicarbonate which comes with drainage water which increases in this season. In contrast, the lower values of total alkalinity during summer may be due to the utilization of CO 2 during increase algal and hydrophytes photosynthetic activity. A desirable range of alkalinity is 50-300 mg l -1 , but fish survive in waters up to 400 mg l -1 (Barker et al., 2009) . Chlorophyll "a" concentration varied from 16.06 µg l -1 during summer, to 33.01 µg l -1 during spring. The lower value during summer is as a result of distribution of immersed and emerged plants, especially the water hyacinths Eichhornia crassipes and the reed Phragmites australis. Shading by emerged plants counteracts the development of algae in the lake.
Heavy metals in fish muscles:
The study of fish muscle tissues is one of the means for investigating the amount of heavy metals reaching man by food chain. Seasonal variations in the concentrations of the heavy metals (Fe, Zn, Cu, Mn, Cd and Pb) in muscles of the three studied Tilapia spp. are illustrated in Tables 3, 4 and 5. The concentrations of tested heavy metals varied considerably with regards to seasons. Muscles of fishes caught during autumn and winter seasons had more heavy metals than those in spring and summer. Mason (2002) mentioned that, feeding results in a higher metabolism and greater uptake of pollutants across the gills may occur in feeding as opposed to starved fish. Asterisk in the same column shows differences among seasons. * statistically different at P ≤ 0.05 level. Abbreviation as in Table 3 .
Metals accumulated in the three species in the order of T. zillii > O. aureus > O. niloticus. T. zillii seemed to accumulate most of the studied trace elements in their muscles at higher rates than O. aureus and O. niloticus, which reflects its high affinity to heavy metals uptake more than the other species. In addition, these observations are mainly due to the different feeding habits and physiology in relation to the surrounding habitats. This can also be explained by the fact that T. zillii and O. aureus feed mostly on tissues of higher hydrophytes (Abdel-Baky, 1989) . For freshwater fish, the uptake of metals through their food may be quite substantial (Dallinger et al., 1987) , and metals taken up by plants can be an important route to make metals in sediments bioavailable herbivore species like tilapia. This complies with Nwajei et al. (2012) who observed that Tilapia zillii accumulated the highest heavy metal levels than others from the Niger River.
The order of metals distribution in muscle tissues of studied Tilapia spp. were Fe>Zn>Cu>Mn>Pb>Cd. The low concentration of Cd might be due to its low tendency to bioaccumulation or good ability to it's excreting from the body. These findings are similar to those obtained by Ibrahim et al. (2008) . It is obvious that, the levels of all heavy metals detected were under the permissible values recommended by SCF (1993) , IPCS (1998) and WHO (2011) , where the daily intake for an adult is 50, 30, 5.0, 10.0, 0.05 and 0.214 mg/day wet weight for Fe, Zn, Cu, Mn, Cd and Pb, respectively. So, a normal daily diet including studied fish species poses no health risk to consumer.
Fish condition:
The growth coefficient (b), condition factor (CF) and hepato-somatic index are essential biological parameters used to asses the condition of fish such as degree of fatness and the suitability of the environment with regard to the feeding condition (Schreck and Moyle, 1990) . The growth coefficient (b) was 3 or close to 3 in majority of seasons, accompanied by K values more than 1.0. These observations clearly indicate better growth and health (well being) of studied tilapia species in Lake Edku. The results showed that, T. zillii had the highest growth coefficient (b=3.02, R 2 =0.98) followed by O. niloticus (b=2.90, R 2 =0.97), while O. aureus had the lowest value (b=2.76, R 2 =0.98) ( Table 6 ). These results are in agreement with Abdel-Baky and ElSerafy (1990) who recorded higher exponent (b) for T. zillii than O. niloticus in Lake Manzalla. Also, Kumolu and Ndimele (2011) (Table 7) . These results in accordance with that of Soliman et al. (1998) in Lake Manzala and Koussa (2000) in Lake Mariut who mentioned that O. niloticus had the highest CF value among different tilapia species and attributed the increase in fish growth to the high productivity of water. The best condition factor for all studied fishes was observed in spring and winter (i.e. before and after spawning). The lowest fish condition factor was recorded during the spawning season in summer (Table 7) . The low summer values may result from lower food availability (lower chlorophyll a) and the mobilization of somatic energy reserves needed for reproductive development. In autumn, the fish regains its weight lost during the long period of spawning, incubation of eggs and larval metamorphoses. Weatherly and Gill (1987) observed a remarkable reduction in condition factor during breeding periods and dry seasons because of fish starvation.
The annual values of hepatosomatic index (HSI) were 1.42, 1.87 and 1.59 for O. aureus, O. niloticus and T. zillii, respectively. O. aureus showed the highest value of HSI, while O. niloticus the lowest one. This may be related to that T. zillii and O. aureus eat the higher plant tissues rich in glycogen. Abdel-Baky et al. (1989) and Abdel-Baky (1997) mentioned that these plant tissues composed the highest percentage of the food items in gut of T. zillii and O. aureus, while O. niloticus are specialized microphages (i.e. feed mainly on phytoplankton) in Lake Manzalah. (Table 7) . Also, HSI showed highest values in spring and winter for pooled fish. The high values are confirmed by the high condition factor and the improved growth of fish as previously reported by Weatherly and Gill (1987) .
The higher values of HSI can be attributed to the enlargement of the liver due to the swollen hepatocytes with glycogen. A decrease of liver size in summer and autumn may be as a consequence of a loss of hepatic glycogen and/or lipid which is a common morphologic response of fish liver to stress (spawning and reproduction) that enhance utilization of glycogen as an immediate source to meet the energy demand during spawning seasons (Schreck, 1981) .
Proximate composition analysis:
The proximate analysis of studied cichlid spp. flesh caught during different seasons is shown in Tables 8, 9 (Table 9) . On the other hand, the chemical composition of Tilapia zillii was 80.45% moisture, 16.51% protein, 1.30% lipid, 1.24% ash and 0.37% carbohydrate content (Table 10 ). The variation in chemical composition of Tilapia species was affected by seasonal variation. In different environmental conditions, the values of body composition of the same fish may differ in relation to difference in water quality, feeding conditions, sex, state of maturity (Javaid et al., 1992) and capture period of the fish (Oliveira et al., 2003) . An increase in protein, fat and decrease in water content showed in spring and winter and vise versa in summer and autumn. This coincides with Love (1980) , who mentioned that a decrease in water content and increase in fat content of fish is attributed to good condition, while the water content of non-fatty muscles rises during non-feeding or fasting conditions, due to utilization of protein for metabolic activities.
In this study, fish condition (CF and HSI) varied among different seasons (Table  7) and showed a direct relationship with primary productivity (chlorophyll "a") but with no significant difference (P>0.05). This may be indicated that other food materials (e.g. aquatic plants) affect fish growth beside chlorophyll "a". Also, spawning and reproduction play an important role in decreasing fish growth parameters. These results of seasonal changes in water quality and growth factors comply with Offem et al. (2011) who concluded that water quality, plankton and fish production of the aquatic system influenced by seasons. Also, Das (1977) mentioned that in areas, where seasonal fluctuations in ecological condition are more pronounced, changes in condition factor are often related with feeding and seasonal cycles. Also, it is clear that there is a direct relationship between chemical composition and condition of fish. The results obtained by Naeem and Ishtiaq (2011) confirm the fact that proximate composition of fishes varies with species, body size and condition factor.
In conclusion, this study proved that environmental factors as climate (seasonal variations and temperature) and drainage wastewater affect the physical and chemical characteristics of water as well as fish condition and quality.
